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SUMMARY 

A study is presented of the required guidance commands and available 
footprint for landing site redesignation during the final approach phase 
(Phase 11) of the LEM powered descent. 
between 11,000 and 5,000 feet altitude off a nominal descent trajectory, 
This study, based on a fixed time-to-go, indicates that a Learly 
circular footprint of about 10,000 to 20,000 ft radius is available for 
a AV penalty of 100 fpe.  Since the time-to-go is held constant at the 
value predicted by the guidance logic for the nominal trajectory, the 
alternate site selection destroys the constancy of the guidance commands 
for the nominal Phase I1 flight, 'These command variations, in some 
instances, cause interruptions in the visibility of the landing area and 
also produce command rates near design control limits. 

Redesignations are initiated 

INTRODUCTION 

The LF51 powered descent is divided into three phases (see figure 1); 
an initial braking phase (Phase I), final approach (Phase 11), and the 
landing phase (Phase 111)- Phases I and IT of the LEN powered descent 
are guided by a set of equations which are reported in reference 1. 
landing approach flight is a constant thrust and constant attitude 
tragectory designed to allow adequate fuel economy, pilot control and 
pilot visibility of the landing area, as presented in reference 2. The 
initial and final conditions and the time of flight of Phase I1 are 
predetermined to yield this constant attitude and constant thrust phase 
of flight. 
unsatisfactory by the pilot, he then has the capability for redesignating 
the landing area during Phase 11, 
(time-to-go) was specified in order to yield a constant thrust profile 
(attitude and magnitude) for guiding to the preselected site; then, the 
time-to-go must also be redesignated or variations in the thrust profile 
must be accepted. 
variations in the thrust profile induced by redesignating the landing site 
without recalculating the time-to-go, 
available for alternate site selection is determined based on this concept 
of a fixed time-to-go, 

The 

In the event that the predetermined landing site is deemed 

However, since the time of flight 

It is the purpose of this study to investigate the 

A landing footprint or area 

SCOPE OF CALCULATIONS . 

The nominal powered descent trajectory used for this study is initiated 
at an altitude of 50,OOO feet with a zero flight path angle and a velocity 
of 5583 fps, which define the state vector at pericynthion f o r  a Hohmann 
descent transfer from an 80-n.m, orbit, 
presented in figure 2(a), 
11,069 feet and incorporates a constant attitude of 47 degrees from the 
negative horizontal axis (see figure 3 for axis system) and a thrust 
level of 4874 lbs, , as compared to a full throttle thrust of 10,500 lbs ,  

A time history of Phase I is 
Phase 11 is assumed to begin at an altitude of 
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A time history of Phase I1 is  shown i n  figure 2(b). 
conditions a re  10 fps  veloci ty  and -10 degrees f l i g h t  path angle at  an 
a l t i t ude  of 200 f ee t ,  Although t h i s  t ra jec tory  i s  only one of a number 
of possible nominal powered descent t ra jector ies ,  it i s  believed t h a t  
the data acquired i s  representative of data which would be derived from 
other nominal t ra jec tor ies ,  

The terminal 

The primary guidance equations reported i n  reference 1 are  used t o  
calculate the required guidance commands t o  approach the  terminal condi- 
t ions a t  the a l te rna te  landing si te selected. 
a re  based on a point mass. 
second and there  is  no updating less than 10 seconds pr ior  t o  termination. 

The equations of motion 
The guidance constants are  updated every 

Changes i n  the landing s i te  a r e  indicated a t  three different a l t i t udes j  
11,069 feet ,  7,812 f ee t ,  and 5,078 fee t  with downrange nominal distances 
of 43,730 feet ,  30,210 fee t ,  and 19,110 feet ,  respectively, 
go is held constant a t  the  value predicted by the guidance logic  for the  
nominal t ra jec tory  from each a l t i t ude  and are, i n  order of the a l t i tudes  
given, 115 sec, 95 sec, and 75 seeO respectively, Changes i n  downrange 
distances of up t o  f40,000 f ee t  and crossrange distances t o  about 30,000 
fee t  were considered, 

The time-to- 

RESULTS AM> DISCUSSION 

k e a  Available.- The preselected landing area first becomes v i s ib l e  
a f t e r  the pitch-up maneuver a t  the 11,069-foot a l t i t ude  (beginning of 
Phase 11), The maximum landing area footprint  would a r i s e  from an alter- 
nate s i t e  selection being made immediately, (see figure 4). It should be 
noted tha t  t h i s  footprint  and a l l  others presented herein a re  symmetrical 
about the  downrange axis, For convenience on ly  half of the footprint  i s  
shown. 
100 fps from 11,069 f e e t  the range may be lengthened or shortened by about 
20,000 f ee t  and a cross-range distance of over 15,000 f ee t  may be reached. 
The shaded area of f igure 3 i s  not available because the maximum tb rus t  
of 10,500 l b s  i s  exceeded, 

This maximum or idea l  footprdnt shows that f o r  a A V  penalty of' 

To allow adequate t i m e  t o  assess the landing area it i s  assumed that 
the a l te rna te  landing site selection should be i n i t i a t e d  at some a l t i t ude  
between 8000 f e e t  and 5000 f ee t ,  
v i s ib l e  from 20 t o  40 seconds, 
a l t i t ude  of 7812 f e e t  has been reached and the  footprint  from this a l t i -  
tude is presented in  f igure 5 &  
s i t e  change permits a long range or short  range f romthe  nominal of 
approximately l5 ,OOO f ee t  and a crom range of about 12,000 f e e t  for a 
A T  penalty of 100 fps, A s  in f igure 4, the  shaded area may not be 
obtained because the maximum thrust is exceeded, 

The landing area w i l l  then have been 
After 20 seconds of Phase I1 f l i g h t  an 

Thls m e  r e a l i s t i c  a l t i t ude  f o r  a landing 
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The resul t ing a l t i tude  a f t e r  a 40-second assessment i s  5078 f ee t .  
The area available from t h i s  a l t i tude  i s  depicted i n  figure 6. 

&V penalty of 100 fps  from a 5078-ft a l t i tude  the available range i s  
an additional 10,000 f t  and a short range from the nominal landing point 
of 10,000 f ee t  with a cross range of about 9,000 f ee t .  Again the shaded 
area i s  not available because of the maximum thrus t  l imitations.  The 
variations of the guidance commands associated with these footpr ints  and 
landing s i t e  v i s i b i l i t y  are discussed i n  the following two sections. 

For a 

Guidance Command Variations.- Since the constant a t t i tude  and 
constant thrust  of the Phase I1 f l i gh t  are obtained (using the  primary 
guidance equations reported i n  reference 1) by predesignating the i n i t i a l  
and f i n a l  conditions and the time of f l i gh t ,  a change i n  any one of these 
character is t ics  would necessarily destroy t h i s  constancy, therefore 
violating the nominal design c r i t e r i a  of t h i s  portion of the LEM powered 
descent. 
i n  the f i n a l  conditions) i s  made. To present the variations i n  guidance 
commands a f t e r  the al ternate  s i t e  selection has been made, the following 
three typ ica l  off-nominal t ra jec tor ies  are  calculated from each of the 
i n i t i a l  a l t i tudes :  ( a )  a 10,000-ft range extension, (b )  a 10,000-ft short 
range, and ( e )  an out-of-plane case tha t  gives approximately a 10,000-ft 
cross range. 

This s i tuat ion occurs when an al ternate  s i t e  selection (a  change 

Time h is tor ies  of the pi tch angle fo r  the t ra jec tor ies  (a) ,  (b ) ,  
and ( e )  together with the nominal from an a l t i tude  of 11,069 are  shown 
i n  figure 7( a ) .  The figure shows a maximum pi tch angle ra te  (nearly a 
constant ra te  for the coplanar cases) of about .5 deg/sec from t h i s  
a l t i tude .  Figure 7 i s  continued by portraying the thrust  magnitude i n  
figure 7(b) which indicates a m a x i m  thrust  r a t e  ( a s  with the pitch ra te ,  
nearly a constant f o r  the coplanar cases) of about 30 lbs/sec. 
angle, which i s  measured from the north as shown i n  figure 3, i s  presented 
i n  figure 7(c) ,  but i s  -90 For the out-of-plane 
case, the yaw angle ra te  i s  about one deg/sec. 
seem t o  be operationally severe, but do become larger,  fo r  redesignations 
at  the two lower a l t i tudes  investigated. 

The yaw 

0 fo r  a l l  coplanar cases. 
These variations do not 

The pitch angle, thrust  magnitude and yaw angle from an a l t i tude  
of 7812 f ee t  are shown i n  figures 8 (a ) ,  8 (b ) ,  and 8 (c ) ,  respectively. 
an al ternate  s i t e  selection made at t h i s  a l t i tude ,  the pi tch angle r a t e  
increases t o  .7 deg/sec, the thrust  magnitude r a t e  t o  over 40 lbs/sec and 
the yaw angle r a t e  t o  about 1.2 deg/sec. 

For 

From the lowest a l t i tude  of 5,078 f ee t ,  the pitch angle, thrust  
magnitude and yaw angle time h is tor ies  are  presented i n  figures g (a ) ,  
g (b) ,  and g(c) .  These t ra jec tor ies  resu l t  i n  the  highest guidance command 
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ra tes ,  since the al ternate  s i t e  selection was delayed u n t i l  a l a t e r  time. 
The maximum pi tch angle r a t e  f o r  these t ra jec tor ies  is  about 1.25 deglsec 
with a m a x i m  thrust  magnitude r a t e  of approximately 80 lbs/sec. Also 
the yaw angle r a t e  i s  about 7 deg/sec, the m a x i m u m  value occurring from 
in i t i a t ion  t o  about 25 seconds. 

These guidance command variations s t i l l  do not seem t o  be opera- 
t iona l ly  severe but may r e su l t  i n  spacecraft a t t i tudes  t h a t  prevent 
v i s i b i l i t y  of the landing s i t e ,  which i s  discussed i n  the next session. 

V i s ib i l i t y  of the Landing Si te . -  One of the design constraints of 
the Phase I1 f l i g h t  i s  adequate v i s i b i l i t y  of the landing area. The 
lower window l i m i t  of v i s i b i l i t y  i s  25 deg above the -x body axis (negative 
thrust  vector) of the LEM (see figure 3) .  
angle or line-of-sight angle t o  the landing s i t e ,  which i s  assumed t o  be 
1000 f ee t  downrange from termination of B a s e  11, are presented i n  
figures l O ( a ) ,  10(b),  and 1O(c) fo r  each of the al t i tudes investigated. 
These figures show, tha t  f o r  a short range landing area, v i s i b i l i t y  of the 
landing area i s  l o s t  immediately but regained l a t e r  i n  the descent t ra jectory.  
The reverse i s  t rue f o r  a range extension; i . e . ,  v i s i b i l i t y  i s  improved 
i n i t i a l l y  but i s  l o s t  a t  a l a t e r  time. This i s  also the case for  an out- 
of:plane t ra jectory.  However, based upon the V l imitations,  only one 
gross change i n  the landing area may be permitted, thus landing area 
v i s ib i l i t y ,  immediately a f t e r  the change i s  accomplished, may not be a 
severe l imitation. Also, a pitch-up t o  a ve r t i ca l  a t t i tude  occurs a t  the 
termination of Phase 11, again allowing v i s i b i l i t y  of the new landing area. 
Refinements and f i n a l  selection of the touchdown point could then be made 
during Phase 111, which should allow approximately one-quarter of a mile 
radius available a f t e r  termination of Phase I1 f l igh t .  But, i f  v i s i b i l i t y  
a t  a l l  times i s  a requirement, e i ther  the area available must be reduced 
or a new calculation fo r  time-to-go i n  the guidance logic must be incorpor- 
ated. 

Time h is tor ies  of the look 

CONCLUDING R M S  

A study has been presented of the required guidance commands and . 
available footprint  f o r  a l ternate  landing s i t e  selection during the f i n a l  
approach phase (Phase 11) of the I 8 M  powered descent. 
were in i t i a t ed  between 11,000 and 5,000 f e e t  a l t i tude  off a nominal 
descent trajectory.  
10,000 t o  20,000 f e e t  radius could be reached f o r  a A V  penalty of 100 fps. 
Since the time-to-go was held constant at  the value predicted by the guidance 

Redesignations 

It w a s  found tha t  a nearly c i rcular  area of about 



logic f o r  the nominal trajectory,  the al ternate  s i t e  selection destroyed 
the constancy of the t h r u s t  p rof i le  (a t t i tude  and magnitude) f o r  the 
nominal Phase I1 f l igh t .  These command variations,  i n  some instances, 
interrupted the v i s i b i l i t y  of the landing area and also produced command 
ra t e s  near design control l i m i t s .  

It i s  recommended tha t  a similar study on al ternate  landing s i t e  
selection be undertaken based on variable time-to-go logic  t o  investigate 
a l leviat ion of the wide variations i n  guidance commands and determine 
the associated footpr int .  
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